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Fortner has recently described malignant
melanoma in Lakeview Syrian (golden) ham-
sters. These malignant melanomas were ob-
served in animals treated with sodium tauro-
cholate, sodium taurodesoxycholate, desoxy-
cholate, and bile from Various human subjects;
and some originated spontaneously (1, 2).
Fortner's melanomas, both the melanotic and
the amelanotic, were derived from the junc-
tional layer. In contrast, the tumors induced
by DMBA (7, 12-Dimethylbenz (a) anthra-
cene) in the colonies of Della Porta (3),
Rappaport (4) and Shubik (5) were non-
malignant and arose exclusively in the dermis.
It seemed interesting to see whether the
application of DMBA on the same known
strain of hamster used by Fortner will pro-
duce a malignant melanoma of junctional origin
or a blue nevus of dermal origin. This could
possibly reveal the carcinogen dependence or
strain dependence of experimental melanocyte
tumor genesis in this species.
However, because little data exists concern-
ing normal junctional, dermal and follicular
melanocyte systems and their enzymic activity
in hamster skin, it became necessary to clarify
this problem for the understanding of the origin
and initiation of melanocyte tumor genesis.
METHODS AND MATERIALS
The hamsters used in this experiment weighed
30—50 grams, were all males and were purchased
from Fortner's supplier, the Lakeview Hamster
Colony, Lakeview, New Jersey. Following the
method of Quevedo ci al (6), thirty animals re-
ceived 3 applications on the right dorsum, of 4
evenly spaced drops (20—30 microliters) of 1%
DMBA (Eastman) in mineral oil, over a period
of 3 weeks. Ten animals were untreated as a con-
trol. The tumors induced by DMBA were excised
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and studied. Fortner's melanomas, which were
kindly provided by Fortner, were also sectioned
for comparative study.
Melanocyte-activating studies using ultraviolet
irradiation were carried out using a 50—60 cycle
"Mineralight" (Ultraviolet Products Inc., San Ga-
briel, California). Untreated hamsters of the same
strain were irradiated over a period of 23 days.
The animals' right dorsum was exposed seventeen
times; each exposure was of 3 minutes' duration
at a distance of ten inches from the ultraviolet
source.
Biopsied specimens were studied using the dopa
reaction, ammoniated silver nitrate reaction for
premelanin (7), combined dopa-premelanin reac-
tion (8), orcein Giemsa stain and hematoxylin-
eosin stain.
RESULTS AND DISCUSSION
The course of tumor development is essen-
tially that described by Quevedo (6) and
Shubik et at (5). Within the eleventh week
after the initiation of painting, minute black
flecks were first noted. At about the eighteenth
week the flecks became larger, raised and more
numerous. After fifty weeks every hamster
carried between 50 and 150 clinically visible
deep blue black melanotic tumors of various
sizes, preponderantly on the treated area, and
a few miscellaneous non-melanotic tumors of
the type described by Shubik et at (Fig. 1).
In the same colony of hamsters used by
Fortner et at, we found DMBA application
produces invariably a melanotic tumor dis-
tinctly different from the spontaneous, bile or
cholate induced melanomas of Fortner (Fig.
2). Our tumors are identical to the tumors in-
duced by DMBA in the colony of Syrian
golden hamsters of Della Porta et at and
Shubik et at. However, the tumors induced by
DMBA seem not to resemble cellular blue nevi
as described in the literature (3, 5), but rather
show histologic features of blue nevi (Fg. 3, 4).
Fortner's melanomas are derived almost en-
tirely from the lowermost layer of the epidermis
showing typical junctional change (2) while
our blue nevi are derived exclusively from the
dermis. Since malignant neoplastic growth of
junctional melanocytes occurs in hamsters idio—
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FIG. 1. Gross appearance of DMBA induced blue nevi on the dorsurn of a Syrian (golden) hamster
of the same colony used by Fortner et a!.
FIG. 2. Gross appearance of Fortner's malignant melanoma, which originates from the junctional
layer, in the same colony of Syrian hamsters.
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Fic. 3. Micrograph of blue nevus induced by DMBA. HE. stain. X 27
Fic. 4. Close-up view of blue nevus cells induced by DMBA. HE. stain. x 200
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FIG. 5. Whole mount preparation of 11\IBA induced blue nevi originating around hair follicles.
Unstained. X 180.
FIG. 6. The perifollicular melanocyte networks described by Ghadially and Barker are not apparent
but rather intrafollicular melanotic melanocytes are observed in this small pigment spot. H.E. stain.
X 255.
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FIG. 7. Whole mount preparation of DMBA blue nevi showing at low magnification multiple discrete
initial lesions which primarily coincide with hair follicles. Note great multiplicity of blue nevi. Un-
stained. X 14
FIG. 8. Higher magnification of Fig. 7 showing the regular occurrence of blue nevi at most follicles.
Unstained. X 124.
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pathically and/or after subcutaneous injection
of sodium taurodesoxycholate and other cholate
derivatives, while surface application of DMBA
gives rise to benign neoplastic growth of dermal
melanocytes, the possible existence of two or
more biologically different melanocyte systems
was investigated.
No pigmented melanocytes or dopa-positive
TABLE I
Normal melanocyte systems of Syrian (golden)
hamster slcin*
Dopa Positive Melanocytes
Normal ISV-Irradiated
Junctional
Hair Sheath
Dermal
Hair Bulb
—
+ or
or
Junctional —
Hair Sheath ++
Dermal ++
Hair Bulb +++
Ammoniated Silver Nitrate Reaction Positive Melanocytes
Normal ISV-Irradiated
Junctional
Hair Sheath
Dermal
Hair Bulb
— or Junctional — or
Hair Sheath ++
Dermal ++
Hair Bull)
-j--j--j-
* There are a pair of costo-vertebral spots of
Kuppermann (18) and occasional small pigment
spots of Ghadially and Barker (17) both of which
contain perifollicular melanotic melanocytes;
these not being observed in normal nonspotted
hamster skin are therefore not inclnded in the
above table.
— = absent, inconsistently present, + =
a few distinctly typical, ++ = many distinctly
typical, +++ = numerous heavily melanized.
TABLE II
Melanocyte distribution in untreated Syrian
(golden) hamster skin
Amelanotic
(Non-pigmented)
Melanotic
(Pigmented)
Junctional
Hair Sheath
Dermal
—
—
—
—
—
Peri_follicular*
Hair Bull)
* Perifollicular melariocytes can he observed in
costovertebral spots of Kupperrnann and random
pigmented spots of Ghadially and Barker.
melanocytes have been described in epidermis
or dermis of the dorsal skin of normal hamsters
except in the hair bulb, perifollicular locus in
the costovertebral spots (9), and occasional
random small pigment spots (10). In our
DMBA-treated animals, the examination of der-
mis separated from epidermis by sodium bro-
mide incubation, indicates the presence of
DMBA—induced tumors exclusively in the der-
mis. In support of Ohadially and Barker (10),
whole mount studies aid stereoscopic examin-
tion of the skin through the dermal-epidermal
interface of the entire separated dermal layer,
reveal the occurrence of multiple blue nevi
which seem frequently to coincide with the
distribution of hair follicles (Fig. 5). Ohadially
and Barker in their work observed the presence
of random small pigment spots which are made
lip on perifol]icular networks of melanotic
melanocytes similar in pattern to DMBA-
induced blue nevus cells. However in our study,
we observed that these small pigment spots
can also consist of intrafollicular melanotic
melanocytes (Fig. 6). In their DMBA painting
experiment, only 3 out of 40 topically treated
hamsters were found to carry any tumors, the
maximum number being 18. Based on these
observations the origin of DMBA-induced
blue nevi from the perifollicular melanocytes of
figment spots was suggested (10).
However, there is a great discrepancy be-
tween the small number of pre-existing pigment
spots and the multiple discrete initial lesions
of DMBA-induced blue nevi in our experiment.
In addition to our clinical observation that
ever)' painted hamster presents 50—150 blue
nevi, whole mount examination under the
dissectiHg microscope (Fig. 7) reveals the
presence of several times the number of clini-
cally apparent pigmented lesions, whereas few
additional small pigment spots are revealed in
the unpainted skin with this technic .As shown
in Fig. 8, the area in wIHeh blue nevi are in-
duced by DMBA illust rates the almost regular
occurrence of these numerous lesions at most
follicles, in contrast to the random distribution
of the occasional pre-existing pigment spots.
These observations led us to investigate the
possible existence of heretofore undescribed
dernml, hair sheath and epidermal melano-
cytes. We therefore attempted to stimulate
presumably existing amelanotic (non-pig-
DIFFERENTIAL CARCINOGENESIS IN THREE DISTINCT MELANOCYTE SYSTEMS 163
mented) melanocytes by ultraviolet irradia-
tion over an extended period of time. The re-
suits of this experiment are enumerated in
Tables I and II. In accordance with the findings
of Rappaport and Nakai et al (11) in a similar
experiment, no dopa-positive melanocytes can
be observed in the epidermis after irradiation.
However, we have found enzymically active
melanocytes in two undescribed sites, the hair
sheath and dermal melanocyte foci. The hair
sheath melanocyte is observed as a dopa and
premelanin reaction positive dendritic melano-
cyte (Fig. 9, 10) which is demonstrable in the
outer sheath layer of the hair follicle particu-
larly after irradiation, below the melanogenic
level of Staricco (12). The distinctive dopa
and premelanin reaction positive dendritic
melanocyte in the hair infundibulum has to
date not been observed. The previously exist-
ing dopa positive melanocytes of the hair bulb
seem to be slightly intensified in melanogenic
activity after ultraviolet irradiation (Fig. 9).
Dermal melanocytes are found in irradiated
skin as apparently amelanotic oval, bipolar
and/or slightly dendritic dopa and premelaiain
reaction positive cells (Fig. 11, 12). Although
it initially was somewhat difficult to determine
with certainty that these cells are dermal
melanocytes and not melanophages or leuko-
cytes, once a number of structurally and histo-
chemically typical melanocytes are identified
with the aid of ultraviolet irradiation, dopa re-
action and ammoniated silver nitrate reaction
for prernelanin, the identification of dopa posi-
tive sheath melanocytes and many dermal
melanocytes became substantiated even in unir-
FJG. 9. Dopa positive melanocytes Ce—) in outer sheath layer of Syrian (golden) hamster skin after
U.V. irradiation. Dopa reaction. X 438.
FJG. 10. Combined dopa-premelanin reaction showing hamster hair sheath melanocytes after U.V.
irradiation. X 438.
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FIG. 11. Dopa positive dermal melanocyte in TJ.V. stimulated hamster skin. Combined dopa-premela-
nm reaction, counterstain hematoxylin. x 990.
radiated hamster skin (Fig. 13). These
amelanotic dermal melanocytes are diffusely
scattered throughout the corium. The presence
of perifollicular network melanocytes of
Ghadially and Barker (10) are found only as
pigmented melanocytes and only in occasional
random pigment spots.
Our evidence suggests that there is an
arnelanotic (non-pigmented) or minimally ac-
tive melanocyte system in the hair sheath and
diffusely in the dermis in addition to the
actively melanin forming (pigmented) hair bulb
melanocytes in normal golden hamster skin.
Perifollicular networks of melanocytes are only
found in occasional small pigment spots. The
conversion of amelanotic melanocytes to mel-
anotic melanocytes by DMBA has already been
documented (11). Inasmuch as the carcinogen
in an oil solvent easily enters the dermis via the
hair follicle and sebaceous gland, it is likely to
affect primarily cells in the proximity of the
hair follicle. It seems probable that the amela-
notic minimally functional dermal melanocytes,
particularly those in the vicinity of the hair
follicle, in response to DMBA convert to
melanotic melanocytes which, simulating the
previously proposed melanotic perifollicular
melanocyte process (11, 10), proceed to form
blue nevi predominantly around hair follicles.
Concerning the genesis of these dermal mel-
anocytes in the presence of DMBA, it is
interesting that Nakai and Rappaport (13) de-
scribed the finding of pigment granule-con-
taining cells in nerve fascicles of DMBA stimu-
lated hamster skin as well as nonspecific
cholinesterase activity in induced tumor tissue.
They suggested the transformation of Schwann
cells into pigment producing melanocytes under
these conditions. However the implication of
Weiss' (14) findings demonstrating the phago-
cytic ability of the Schwann cell has yet to be
considered. Furthermore the presence of non-
specific cholinesterase activity in non-neural
tissues (15), junctional nevi (16) and human
malignant melanoma (17) has been shown. If
the proposed transformation of Schwann cells
into melanocytes becomes generally accepted,
it then remains for further investigation to
show whether previously existing amelanotic
dermal melanocytes or newly formed dermal
melanocytes of Schwann cell origin are the pre-
dominant source of DMBA-induced blue nevi.
The epidermis shows no enzymically active
melanocytes even after ultraviolet irradiation.
However, there appear to be a few outwardly
clear cells, without observable melanin gran-
ules at the dermal-epidermal junction in ac-
cordance with the electronmicroscopic findings
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FIG. 12. Numerous dopa positive cells in dermis after IJ.V. irradiation among which identification
of melanocytes was difficult until typical melanocytes, as shown in Fig. 11, were found. Round black-
ened cells may represent leucocytes while other bipolar and dendritic cells are melanocytes. Dopa re-
action. x 520.
of Rappaport et at (11, 18). It should be noted
that occasionally we observed several dopa
negative, but premelanin reaction positive
dendritic cells which appeared to be located at
the basal layer of normal hamster epidermis
(Fig. 14).
CONCLUSION
It is evident that there are three different
melanocyte systems in normal Syrian (golden)
hamster skin (Fig. 15).
I. Functional melanotic melanocytes which
in the hair bulb and, in occasional pen-.
follicular networks (random pigment
spots of Ohadially and Barker).
II. Potentially or minimally functional
arnelanotic (non-pigmented) melanocytes
which are prernelanin reaction positive
and in which enzymic activity increases
discernably upon stimulation by ultra—
violet irradiation. These melanocytes are
present in the outer sheath layer of the
hair follicule below the melanogenic level
and diffusely in the dermis.
are the enzymically active melanocytes III. Dysfunctional amelanotic melanocytes of
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FIG. 13A. Non-counter stained dopa reaction revealing a bipolar enzymically active dermal melano-
cyte, containing newly synthesized dopa-melanin granules (i—), innormal Syrian (golden) hamster skin.
Note negative dopa reaction of other cells in field. Dopa reaction, no counter stain. X 1100.
FIG. 13B. Same field as Fig. 13A after hematoxylin counter stain, revealing the presence of dopa
negative dermal and epidermal cells. Dopa reaction counter stain Hematoxylin. X 1100.
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F'os. 14A AND 14B. Premelanin reaction positive bipolar and tripolar melanocytes which appear
to be located as the basal layer of normal hamster epidermis. Ammoniated silver nitrate reaction for
premelanin. X 1100.
epidermis which do not become dopa
positive even after stimulation by ultra-
violet rays but do synthesize varied
plate-like cytoplasmic granules (Rappa-
port et al).
Our observations suggest that in the Syrian
(golden) hamster, DMBA application selectively
produces neoplastic growth in potentially
functional amelanotic dermal melanocytes
(System II) but not in dysfunctional amelano-
tic inelanocytes of the junctional layer (System
III). This differential response of hamster
melanocytes to chemical carcinogenesis may not
be generalized, as in guinea pigs (19), to other
species. At present, we cannot exclude the pos-
sibility that functional inelanotic melanocytes
(System I) may be converted into perifollicular
inelanocytes which in turn produce neoplastic
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Fia. 15. Three distinct melanocyte systems in
normal Syrian (golden) hamster skin. There are a
pair of costovertebral spots of Kupperman and
occasional small pigment spots of Ghadially and
Barker both of which contain perifollicular mela-
notic melanocytes. These, not being observable
in normal non-spotted hamster skin, are therefore
not included.
growths when stimulated by DMBA (11, 19),
nor can we exclude entirely the possibility that
some portion of induced blue nevi originates
from preexisting pigmented perifollicular mel-
anocyte networks in the random pigment spots
of Ghadially and Barker (10).
On the other hand, sodium taurocholate etc.
induced and spontaneous melanomas occur
exclusively in the dysfunctional amelanotic
melanocyte system (System III).
The selective response of the three biologi-
cally different melanocyte systems in the
Syrian (golden) hamster may provide us with
direct access to the mechanism of experimental
carcinogenesis in relation to the enzymatic
and molecular activity of the pigment cell.
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